We propose a new scenario in which the dominant signal for supersymmetry at the Tevatron are the events having two or three τ leptons with high p T accompanied by large missing transverse energy. This signal is very different from the multijet or multileptons (involving e and/or µ only) or the photonic signals that have been extensively investigated both theoretically and experimentally. A large region of the GMSB parameter space with the lighter stau as the NLSP allow this possibility. Such a signal may be present in the past Tevatron data to be analyzed.
Over the past two decades, there has been a great deal of experimental effort to discover the supersymmetric (SUSY) particles at the Tevatron. The searches have concentrated mainly in two fronts. One is to look for the SUSY partners of the strongly interacting quarks and gluons, namely the squarks and the gluinos [1] . In this case, the signals are multijets and/or multileptons with high p T plus large missing transverse energy (/ E T ). The other is to look for the SUSY partners of the leptons and the electroweak (EW) gauge bosons namely the sleptons, charginos and the neutralinos. The signals looked for in this case are high p T multileptons, namely dileptons and trileptons (involving e and/or µ) [2] accomapanied by large / E T . Both types of the signals have been motivated by the gravity mediated SUSY breaking theories where the lightest neutralino is mostly the lightest SUSY particle (LSP) to which all the produced SUSY particles eventually decay. LSP escapes detectors giving rise to the / E T signal. In the last two years gauge mediated SUSY breaking (GMSB) models have become very popular [3, 4] . In these theories, gravitino is the LSP, and most of the experimental searches have concentrated on the regions of the theory in which the lightest neutralino χ 0 is the next to lightest SUSY particle (NLSP). χ 0 decays to a photon and a gravitino within the detector. The signal in this case is photons with high p T and large / E T [5] . Inspite of the extensive searches no SUSY signal in any of the considered modes has yet been observed either at the Tevatron [6] or at the LEP2 [7] , except for one possible e + e − γγ plus missing energy event at the Tevatron [8] . The object of this work is point out that in the GMSB theories the dominant signal for the SUSY can be two to three high p T τ leptons plus large / E T . This happens when the lighter of the scalar tau (τ 1 ) is the NLSP. In that case all the produced SUSY particles will eventually decay toτ 1 which subsequently decays to a τ and a gravitino. The gravitino escapes the detector giving rise to / E T . Such a signal occurs for a large region of the GMSB parameter space. In this case, discovery of SUSY will crucially depend on the ability of the detectors to detect high p T τ leptons with good efficiency.
The dominant processes that give rise to our signal at the Tevatron are the productions of chargino pairs (χ + χ − ) and the chargino and the second neutralino pairs (χ ± χ 0 2 ).
(σ χ ± χ 0 , where χ 0 is the lightest neutralino is very small compared to σ χ ± χ 0 2 ). The chain of decays of χ ± and χ 0 2 lead to the observable high p T τ 's and the missing neutrinos and the gravitinos. There are several mass hierarchies of these superparticles, (involving χ ± , χ 0 2, χ 0 ,ν l (l = e, µ, τ ),l(l = e, µ andτ 1 ) leading to the inclusive high p T 2τ or 3τ final states plus / E T . Below we first briefly discuss the GMSB parameter space giving rise toτ 1 as the NLSP and our desired scenario.
In GMSB models, with radiative EW symmetry breaking, all the sparticle masses and the mixing angles depend on five parameters, M, Λ, n, tan β, and sign of µ. M is the messenger scale, and Λ is equal to F s / s , where s is the VEV of the hidden sector field S, and We demand that the electroweak symmtery be broken radiatively which then determines the magnitude of µ and another parameter B (in BµH u H d term in the potential) in terms of the other parameters of the theory. The constarints coming from b → sγ demands µ to be mostly negative [9] . The soft SUSY breaking gaugino and the scalar masses at the messenger scale M are given by [3, 10] 
andm
where α i , i = 1, 2, 3 are the three SM gauge couplings and k i = 1, 1, 3/5 for SU(3), SU(2), and U(1), respectively. The C i are zero for gauge singlets, and 4/3, 3/4, and (Y /2) 2 for the fundamental representations of SU (3) and SU(2) and U(1) Y respectively (with Y defined by
Here n corresponds to n(5 +5). g(x) and f (x) are messenger scale threshold functions with x = Λ/M. We have studied in great detail the super partner mass spectrum in the (M, Λ, n, tan β) parameter space for negative µ. We have calculated the SUSY mass spectrum using the appropriate RGE equations [11] with the boundary conditions given by the equations above. In the scenarios where χ 0 is the NLSP, one obtains high p T photon signal and these scenarios have been studied in great detail both theoretically [12, 13] and experimentally [6, 7] . In the GMSB parameter space, this occurs for n = 1 and low values tan β (tan β ≤ 25) [12] . However, as tan β increases,τ 1 becomes the NLSP for most of the parameter space with lower values of Λ. For n ≥ 2,τ 1 is the NLSP even for the low values of tan β (for example, tan β > ∼ 2), and for n ≥ 3,τ 1 is again naturally the NLSP for most of the parameter space. The parameter space whereτ 1 is the NLSP give rise to our proposed high p T τ signals. The next question we ask is the following : can χ ± and χ 0 2 be light enough to be produced at the Tevatron energy? Some examples of the mass spectrum, appropriate for exploration at the Tevatron enrgy is shown in Table 1 and 2. All of the superpartner masses satisfy the current experimental limits applicable for this scenario.
At the Tevatron, the chargino pair (χ + χ − ) production takes place through the s-channel Z and γ exchange; while the χ 0 2 χ ± production is via the s channel W exchange. Squark exchange via the t-channel will also contribute to both processes. Since the squark masses are large in the GMSB models these contributions are negligible. The inclusive final states arising from both of processes are either 2τ or 3τ with high p T plus / E T (due to the undetected neutrinos and gravitinos). The 2τ mode will be mostly of opposite sign charges, but a significant fraction will also have the same sign of charges. The details of the decays for the χ ± and χ 0 2 depend on the hierarchies of the superparticle masses, which in turn depend on the GMSB parameter space. In most of the parameter space we looked at, the mass of χ is approximately equal to that of χ ± (within a few GeV). The sneutrinosν l (l=e, µ, τ ) can be heavier or lighter than the χ ± . (The sneutrinos are always heavier than the righthanded sleptons because of the SU(2) gauge interactions.) Also, χ 0 can be heavier or lighter than the right handedẽ,μ. Thus there are four possible cases for the mass hierarchies:
All three sneutrino masses are essentially the same. The scalarsẽ andμ are essentially right handed and get the same masses. In table 1, we give four scenarios for case 1. The scenarios occur mostly for n=3. The reason is that the gaugino masses are proportional to n while the scalar masses are proportional to √ n. Thus for higher values of n, the scalar masses get reduced compared to the gaugino masses resulting in mν, mẽ ,μ < M χ ± . Increasing n further(n=4),ẽ,μ masses get even smaller than m χ 0 producing case 2. Two scenarios for case 2 is shown in Table 2 . Case 3 occurs for smaller values of n in order to have mν larger
. Two scenarios for case 3 are also shown in table 2. We have not found a scenario for case 4. In table 1 and 2, we also give the production cross-sections of the chargino pair and for the chargino -second neutralino at the Tevatron for two center of mass energies, √ s = 1.8 TeV and
Now, we are ready to discuss the decays of the chargino and the second neutralino and the resulting final states. We first consider the case 1. The four main decay modes for the chargino are:χ + → (ν ττ1 , τν τ , eν e , µν µ ). (Since the lighterẽ andμ are essentially right handed the branching ratio to the other two kinematically allowed decay modes ν eẽ , ν µμ are essentially zero.) Subsequentlyν l (l = e, µ, τ ) decays to ν l χ 0 , followed by the decay χ 0 → ττ 1 . Finally,τ 1 decays to a τ and a gravitino. (The branching ratio for the deacys ofν l ,l, χ 0 andτ 1 is 100 %.) The possible final states from a chargino decays are : (τ, 3τ, eτ τ, µτ τ ) accompanied by the neutrinos and the gravitinos. Only one τ arising from the decay ofτ 1 → τG will have large p T . The final states arising from the decays of the produced chargino pair are: 2τ , 4 τ , 6τ , (e, µ) + 3τ , (e, µ) + 5τ ,(2e, 2µ) + 4τ , eµ + 4τ , accompanied by the large / E T due to the undetected gravitinos and the neutrinos. The branching ratios for these various final states for the scenarios in case 1 are given in No dedicated search for this signal has yet been carried out [14] . With a total (2τ +3 τ ) high p T inclusive cross-section as large as 1 pb (see table 1 At Tevatron, the backgrond for our high p T 2τ or 3τ signal events could come from the WW, WZ, ZZ pair productions and Drell-Yan pairs, fake τ 's, W+jets. After appropriate cuts, the expected number of 2τ events from these background is about two [14] . The expected background for 3τ signal events is even much smaller. Charged Higgs orτ 1 pair productions can also give 2τ signal events, however these cross-sections are very low at the Tevatron.
We conclude summarizing our main points. We have proposed a scenario in which the dominant signal for supersymmetry at the Tevatron are the events with two or three high p T τ leptons accomapnied by large missing transverse energy. This happens in the GMSB models withτ 1 as the NLSP for a wide region of the parameter space. The signal events are jet-less. There will be no high p T dileptons (involving electrons or muons) or photons in this scenario. In the 2τ events, the τ s can be of same sign as well as of opposite sign. Our signal events may already be present in the past Tevatron data. A dedicated "2τ ", "3τ " search will be needed to detect such a signal. Discovery of SUSY in such a scenario in the future Tevatron run will crucially depend on the ability of the detectors to detect high p T τ leptons with good efficiency.
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